The discovery that viruses which formed plaques on lawns of a unicellular, eucaryotic, exsymbiotic Chlorella-like green alga, strain NC64A, were common in fresh water collected throughout the continental United States established that a previously unknown biotic interaction is present in aquatic environments (11, 14, 19) . The concentration of these viruses is usually about 1 to 100 PFU/ml of fresh water in nature. Occasionally, however, their titer can be very high; e.g., a water sample collected in North Carolina contained 40,000 PFU/ml (14) .
We have examined 30 of these large double-stranded DNA-containing viruses in some detail. Although the viruses were morphologically similar and had a common host, they could be grouped into 11 classes on the basis of plaque morphology, reaction with antibody, resistance of the virus DNAs to restriction endonucleases, and the nature and abundance of methylated bases in their genomic DNAs (11) . Each of the viral DNAs contained 5-methyldeoxycytosine (m5dC); the concentration of m5dC as a percentage of deoxycytosine varied from 0.1 to 47.5%. In addition, 18 of the 30 virus DNAs also contained N6-methyldeoxyadenosine (m6dA); the concentration of m6dA as a percentage of deoxyadenosine varied from 1.5 to 37% (11, 18) . The finding that methylation was sequence specific led to the suprising discovery that at least some of these viruses code for DNA methytransferases and DNA site-specific (restriction) endonucleases (6, (20) (21) (22) (23) (24) at the 13 sites listed in Table 1 . The samples were filtered through 0.4-,um-pore-size filters (Nuclepore Corp., Pleasanton, Calif.), and 100-pI portions were assayed for plaque formation on lawns of Chlorella sp. strain NC64A grown on MBBM medium (13) (14) (15) . Individual plaques were picked and plaque purified, and actively growing cultures of Chlorella sp. strain NC64A were inoculated. After incubation for 60 h, progeny viruses were purified from the lysates as described previously for virus PBCV-1 (15) .
Analysis of virus DNAs. DNA was isolated from the purified viruses on CsCl equilibrium gradients as described previously (16) . These DNAs were treated with restriction endonucleases by the protocols provided by the suppliers, and the resulting fragments were separated by electrophoresis on either 0.8 or 1.2% agarose gels in 0.08 M Tris phosphate-0.008 M EDTA (pH 8.5).
For hybridization studies DNA fragments were transferred to nitrocellulose filters and hybridized to 32-P-labeled virus PBCV-1 DNA as described previously (11 Other procedures. Antisera were raised against purified viruses and assayed by the microprecipitin test as described previously (1, 17) . Purified viruses were negatively stained with 1.5% uranyl acetate before they were viewed with an electron microscope. The sensitivity of the viruses to chloroform was assayed as described previously (12) .
RESULTS
Initial screening. Each of the 13 water samples collected in the People's Republic of China contained plaque-forming viruses on Chlorella sp. strain NC64A. The titers of these samples ranged from about 10 to 1,000 PFU/ml. The viruses formed sharply defined clear plaques which ranged from 1 to 3 mm in diameter. Ten of the smaller plaque-forming viruses randomly picked from each of the 13 samples were purified, and their DNAs were treated with MboI and Hinfl restriction endonucleases. DNAs from 114 of the 130 viruses produced unique restriction patterns; however, some of the virus DNAs differed from one another by only a few bands. DNAs from 21 of these viruses were treated with the 13 DNA restriction endonucleases previously used in grouping the Chlorella viruses isolated in the United States (11) . The sensitivity or resistance of the DNAs to these 13 endonucleases revealed that 14 of these 21 viruses could be included in one of the 11 classes of American Chlorella viruses (11) . The remaining seven viruses listed in Table 1 (Fig. 1A) or BgIII (data not shown) DNA restriction fragments was at least 300 kilobase pairs (10) . To compare the sequence homology of the Chinese viral DNAs with PBCV-1 DNA, the DNA fragments in Fig. 1A were transferred to a nitrocellulose filter and hybridized with 32P-labeled PBCV-1 DNA. DNA from four Chinese viruses hybridized reasonably well with PBCV-1 DNA and three hybridized poorly (Fig. 1B) .
Base composition of virus DNAs. The resistance of the Chiiiese virus DNAs to certain restriction endonucleases suggested that they contained modified bases. This expectation was confirmed by base analyses of the viral DNAs ( A plus sign indicates that the DNA was digested by the endonuclease, a minus sign indicates that the DNA was resistant to the enzyme, and NT indicates not tested.
Analysis of viral proteins. The Chinese viruses, like PBCV-1, contained numerous structural proteins (Fig. 2) . With one exception, the Chinese viruses contained a major protein which migrated with an approximate Mr of 52,000 after it was heated at 100°C (Fig. 2A) . The major protein in virus XZ-6E migrated slightly faster than the others, with an Mr of about 48,000 (Fig. 2A, lane 4) . If the viruses were heated in denaturing buffer at 60°C for 10 min, each of the major proteins, like the major protein in PBCV-1 (12), migrated as a dimer with an apparent Mr of about 100,000; the apparent Mr of the XZ-6E protein dimer was about 90,000 (Fig. 2B) . Although some proteins migrated differently between the viruses, the majority of the proteins migrated at rates similar to those of PBCV-1 proteins.
DISCUSSION
Prior to this report all of the plaque-forming viruses of Chlorella sp. strain NC64A were isolated from fresh water collected in the continental United States (11, 14, 19 1 to 8, respectively) . The samples were heated at 100°C for 5 min (A) or at 60°C for 10 min (B) before they were layered onto the gel. Molecular masses (in kilodaltons) are indicated next to the gels. coefficient, sensitivity to chloroform, and large doublestranded DNA genomes of at least 300 kilobase pairs. However, the Chinese viruses can be distinguished from PBCV-1 and from each other by at least one of the following properties: plaque morphology, reaction with antisera, protein patterns, the sensitivity or resistance of their genomic DNAs to DNA restriction endonucleases, and most importantly, the nature and abundance of methylated bases in their genomic DNAs. The presence of m5dC and m'dA in specific base sequences explains why Chinese viral DNAs differ in their susceptibilities to DNA restriction endonucleases. The finding that methylation of the Chinese virus DNAs is sequence specific suggests that the Chinese viruses, like the American viruses, encode for specific DNA methyltransferases. Furthermore, some may produce DNA restriction endonucleases with specificities that are not found in American viruses.
